###### Strengths and limitations of this study

-   The ARTICA trial is the first randomised trial with a primary focus on cost-effectiveness of a prehospital rule-out strategy for low-risk patients suspected of an acute coronary syndrome.

-   When randomised for point-of-care troponin T measurement, the ambulance paramedics can rule out an acute coronary syndrome on the spot and therefore comfort the patient without having to transfer them to the emergency department.

-   The results of this study will provide important insights in the effects of ruling out an acute coronary syndrome without transfer to the hospital.

-   In order to minimise the chance of miscalculation of the HEART (History, ECG, Age, Risk factors and Troponin) score, the ambulance paramedics have to register every component of the HEART score digitally before inclusion in the trial.

-   The point-of-care troponin T measurement used in this trial is less sensitive than the high-sensitive troponin T measurements in the hospital laboratory, but when combined with the other components of the HEART score, the sensitivity of this modified HEART score is still high.

Introduction {#s1}
============

Acute chest pain poses a daily challenge for general practitioners and ambulance paramedics. Since ischaemic heart disease is the single most common cause of death worldwide, early risk stratification is crucial.[@R1] The diagnostic foundation when an acute coronary syndrome (ACS) is suspected, is a combination of a 12-lead ECG, clinical evaluation and cardiac troponin measurements.[@R2] In patients presenting with an acute ST-segment elevation myocardial infarction (STEMI), the diagnosis is relatively straightforward after obtaining an ECG. However, in more than one-third of patients with non-ST-segment elevation acute coronary syndrome (NSTE-ACS), the ECG is normal.[@R2] Hence, the vast majority of patients with suspected ACS is in need of further evaluation and transferred to the emergency department (ED). Chest pain is therefore one of the most chief complaints in the ED, accounting for up to over 10% of all ED visits.[@R3] The number of patients visiting the ED is increasing and ED overcrowding is a global public health phenomenon, which is associated with worse patient outcomes.[@R5] In addition to the increasing number of patients, healthcare costs and health expenditure per capita are also increasing, leading to a growing demand for efficiency.[@R8] Only 10%--20% of the patients with chest pain have an ACS and in patients at low risk for ACS, a NSTE-ACS is rarely found.[@R10] Still, these ED visits often include echocardiography, additional non-invasive ischaemia detection and prolonged in-hospital stay.[@R10] These empirical strategies are costly, while low-risk patients are not likely to benefit from additional testing.[@R10] A simple tool for risk stratification of patients with chest pain is the HEART (History, ECG, Age, Risk factors, Troponin) score ([figure 1](#F1){ref-type="fig"}), which is widely validated for use in the ED.[@R17] In the HEART score, patients can be given 0 to 10 points and patients with 0 to 3 points are at low risk for having an ACS. A recent meta-analysis showed that one-third of the patients presenting with chest pain have a HEART score of 0 to 3, with a risk of 1.9% of developing short-term (30 days to 6 weeks) major adverse cardiac events (MACEs).[@R19] The risk of MACE is even lower, 0.8%, when a modified low-risk HEART score is used, in which patients with a HEART score of 0 to 3 are only classified as low-risk patients if the troponin value is below the 99th percentile.[@R19] Implementation of the HEART Pathway, a protocol in which early discharge from the ED without further testing is recommended in low-risk patients, resulted in significant cost savings without any MACE in the discharged patients.[@R16] The HEART score has proven to have a high degree of reproducibility and an excellent interoperator agreement in both nurses and doctors.[@R21] The FAMOUS triage study group has demonstrated that HEART score assessment by ambulance paramedics is feasible and safe.[@R22] Moreover, ambulance paramedics can adequately assess a complete HEART score, using a point-of-care (POC) troponin T measurement.[@R23] Thus, prehospital triage of patients suspected of a NSTE-ACS is possible. The cost-effectiveness of this prehospital strategy has not been investigated yet. Therefore, it remains unclear whether identification of low-risk patients presenting with chest pain in the pre-hospital setting and accordingly not transferring them to the ED will lead to a reduction in healthcare costs. The aim of the ARTICA trial is to assess the cost-effectiveness of rule-out of a NSTE-ACS in low-risk patients in the prehospital setting.

![Original HEART score, with permission of the authors. BMI, body mass index; LBBB, left bundle branch block; PM, pacemaker.](bmjopen-2019-034403f01){#F1}

Methods and analysis {#s2}
====================

Objectives {#s2-1}
----------

The primary objective of the ARTICA trial is to investigate the cost-effectiveness, assessed by healthcare costs after 30 days, of a prehospital rule-out strategy for low-risk patients suspected of a NSTE-ACS, using a modified HEART score and a POC troponin T measurement, compared with standard transfer to the ED. The secondary objective is to determine safety of this prehospital rule-out strategy, defined as the incidence of MACE.

Design and population {#s2-2}
---------------------

The ARTICA trial is a randomised, investigator-initiated, multicentre study. Patients with possible ACS are screened for eligibility by trained ambulance paramedics ([figure 2](#F2){ref-type="fig"}). The patients are screened using the Castor Electronic Data Capture (Castor EDC) platform in which the ambulance paramedics register every aspect of the HEAR score (the HEART score without the Troponin component) and the inclusion and exclusion criteria in order to check for eligibility. The paramedics are able to send the ECG to a cardiologist digitally in case of doubt. After being informed by the ambulance professional and having provided written consent, the patients will be subjected to a digital 1:1 randomisation in Castor EDC. The standard care arm will be transferred to the ED for further evaluation, as is current practice in The Netherlands. The intervention arm will undergo a POC troponin T measurement. If the POC troponin T is negative (\<40 ng/L), the care for the patient will be transferred to the general practitioner. The general practitioner will further evaluate the symptoms with focus on other non-cardiac causes of the chest pain. If the POC troponin T is elevated (≥40 ng/L), the patient will be transferred to the ED, even if the total HEART score is less than or equal to 3. In order to ensure the safety of this trial, a Data Safety and Monitoring Board has been assigned. Furthermore, the study will be independently monitored by the Radboudumc technology centre for clinical studies according to Good Clinical Practice.

![ARTICA trial flow chart. ED, emergency department; GP, general practitioner; HEAR score, History, ECG, Age, Risk factors score; POC, point of care; POCT, point-of-care troponin.](bmjopen-2019-034403f02){#F2}

Inclusion and exclusion criteria {#s2-3}
--------------------------------

Patients are eligible if they are 18 years or older, are suspected of a NSTE-ACS, have a symptom duration of at least 2 hours and have a modified HEAR score of ≤3. Patients are not eligible if they are suspected of another diagnosis requiring evaluation at the ED or if they are unable to be fully informed about the trial, for example, in case of a language barrier or cognitive impairment ([table 1](#T1){ref-type="table"}).

###### 

Inclusion and exclusion criteria

  ------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Inclusion criteria**                                                                                                          **Exclusion criteria**
  Age ≥18 yearsSuspected NSTE-ACSSymptom duration of at least 2 hoursModified HEAR(T) score ≤3Provided written informed consent   ST-segment elevationSuspected non-cardiac cause of the symptoms requiring evaluation at the emergency departmentComatose state, defined as a GCS score \<8Known cognitive impairmentPregnancyCardiogenic shock, defined as systolic blood pressure \<90 mm Hg, heart rate \>100 bpm and peripheral oxygen saturation \<90%SyncopeSigns of heart failureHeart rhythm disorders and second-degree or third-degree atrioventricular blockKnown end-stage renal disease (dialysis and/or MDRD \<30 mL/min)Suspected aortic dissection or pulmonary embolismConfirmed AMI, PCI or CABG \<30 days prior to inclusionCommunication issues with the patient and/or language barrierDecision of a present general practitioner to evaluate the patient at the emergency departmentDecision of the consultant cardiologist to evaluate the patient at the emergency departmentAny significant medical or mental condition, which in the investigator's opinion may interfere with optimal participation in the study
  ------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; GCS, Glasgow Coma Scale; MDRD, Modification of Diet in Renal Disease formula; NSTE-ACS, non--ST-segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention.

Modified HEART score {#s2-4}
--------------------

In the ARTICA trial, a modified HEART score is used. This modification is based on the inclusion of a POC troponin T measurement. Furthermore, when patients are screened for eligibility, only the H, E, A and R components of the HEART score are evaluated. The HEAR score is turned into a HEART score either by POC troponin T measurement in the ambulance or by high-sensitive troponin T measurement in the ED as part of standard care ([figure 3](#F3){ref-type="fig"}).

![Modified HEART score in the ARTICA trial. BMI, body mass index; LBBB, left bundle branch block; PM, pacemaker.](bmjopen-2019-034403f03){#F3}

POC troponin T {#s2-5}
--------------

For the POC troponin T measurement, the Roche cobas h232 is used. The detection limit is 40--2000 ng/L. According to Roche, the measurement should be performed in a temperature of 18°C--32°C and a relative humidity of 10%--80%.[@R24] Blood is obtained in a heparinised tube by venipuncture or venous line. Using a Roche Cardiac pipette, 150 µL of blood is applied to the POC troponin T testing strip, after inserting the testing strip in the cobas h232 POC system. After \<15 min, the results are available.

Follow-up {#s2-6}
---------

Follow-up will be performed by phone after 30 days, 6 months and 12 months. All potential events, including hospital admissions, will be verified by review of medical record. Since the primary aim in this study is to assess the cost-effectiveness of the prehospital rule-out strategy, all healthcare resources used by the patients will be collected in both arms.

Patient involvement {#s2-7}
-------------------

During the development of the study protocol, a participant of 'Harteraad', a patient advisory council for patients with cardiovascular disease, was involved. This patient representative is also involved during the duration of the trial and will be consulted in case of unpredicted adverse events.

Study endpoints and cost-effectiveness analysis {#s2-8}
-----------------------------------------------

The primary outcome is healthcare costs at 30 days. This economic evaluation investigates the cost-effectiveness of full implementation of a prehospital rule-out strategy compared with the standard transfer to the hospital to rule out ACS. This will be done from a societal perspective. The empirical cost-effectiveness analysis timeframe will adhere to the follow-up scheme of the secondary endpoint, being 30 days, 6 months and 12 months. Cost and quality-adjusted life years (QALYs) will be measured on a per-patient basis over the relevant time path in which the (most important) differences between both arms manifest themselves. The design of the economic evaluation follows the principles of a cost-utility analysis and adheres to the most recent Dutch guidelines for performing economic evaluations in healthcare.[@R25] For reporting, the CHEERS checklist will be used where relevant.[@R26] Cost-effectiveness will be expressed in terms of costs per QALY gained. Quality of the health status of the patients is measured with a validated health-related quality of life (HRQoL) instrument, the EuroQol-5D (EQ-5D-5L). This HRQoL instrument will be completed by the patients and is available in a validated Dutch translation.[@R27] The EQ-5D is a generic HRQoL instrument comprising five domains: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. To assess productivity losses associated with chest pain, the Institute for Medical Technology Assessment Productivity Cost Questionnaire will be used.[@R28] Uncertainty will be dealt with by one-way sensitivity analysis (deterministic) and by parametric statistics ultimately presenting cost-effectiveness acceptability curves. To ensure the quality of the economic evaluations, the Radboudumc Technology Centre Health Economics will be involved. Secondary endpoints will determine the safety of the early rule-out strategy at 30 days, 6 months and 12 months, by determining the incidence of MACE. MACE is defined as ACS, unplanned revascularisation and all-cause death. Subgroup analyses will be performed according to gender, assessment of the HEART score by paramedics or cardiologists, diabetic status and female-specific risk factors.

Sample size calculation {#s2-9}
-----------------------

The cost of hospital treatment is determined by the Dutch *Diagnose Behandel Combinatie (DBC*) hospital reimbursement system and the *DBC* information system, similar to the international diagnosis related group system.[@R29] When discharged from the ED after a negative evaluation for ACS, 50% will undergo further outpatient evaluation. This percentage and the percentages of further diagnostic testing (echocardiography and treadmill: 30%, non-invasive ischaemia detection: 10%, coronary angiography: 5%) are all based on the 2017 DBC administration in the Radboudumc. In the prehospital rule-out group, cost prices for diagnostics by the cardiologist (eg, non-invasive ischaemia detection and coronary angiography) are included, even when the probability of undergoing these tests is low. Based on the aforementioned percentages, the cost difference between both groups is estimated to be €507. For the primary outcome we assume a small effect size (0.2) and equal SD in both arms of the trial. Group sample sizes of 392 and 392 achieve 80% power to detect the difference of €507 between both groups with a significance level (alpha) of 0,05 using a two-sided two-sample t-test. To compensate for any loss of follow-up, the sample size is enlarged by 10% to a total of 866 patients. The estimated inclusion rate will be one patient per day.

Discussion {#s3}
==========

The majority of patients suspected of a NSTE-ACS is currently presented at EDs to rule out an ACS. EDs are increasingly overcrowded and ambulance services are confronted with more patient transfers. However, in low-risk patients, an ACS is rarely found.[@R12]

Cost-effectiveness {#s3-1}
------------------

Healthcare costs are increasing because of multiple factors, such as increases in healthcare service price and intensity, population growth and ageing.[@R8] Low-risk patients suspected of a NSTE-ACS often require an overnight stay in the hospital to undergo additional stress testing and imaging, but are not likely to benefit from additional testing.[@R10] Even in prehospital-adjudicated low-risk patients, acute healthcare utilisation and costs are high, with limited added value.[@R15] In the year 2018 in the Netherlands, over one-fourth of the patients who were evaluated for chest pain and eventually discharged with benign non-cardiac chest pain were admitted to the hospital for at least 1 day. The average price for these admissions was €1.355 in 2018 and is €1.410 in 2019, while it was €1.220 in 2012.[@R30] The price for visiting the general practitioner (GP) for 5--20 min is €9.97 during working hours and €117.50 after working hours. However, it remains unclear how often the GPs will order additional tests or refer the patients to the ED or outpatient clinic, after a NSTE-ACS has been ruled out in the ambulance. Furthermore, the healthcare resource consumption in these patients represents the degree of reassurance in patients and in healthcare professionals (eg, the general practitioner).

Prehospital HEART score {#s3-2}
-----------------------

Recent studies have shown the safety of identifying low-risk chest pain patients in a prehospital environment.[@R22] The FAMOUS triage study group has demonstrated that identifying low-risk chest pain patients by ambulance staff using a modified HEART score is feasible and safe when using a high-sensitive troponin T measurement in the hospital laboratory.[@R22] They have also shown that using a POC troponin T measurement to turn the HEAR score into the HEART score in the prehospital setting has important additional predictive value.[@R31] Furthermore, they have shown that in patients suspected of NSTE-ACS, HEART score assessment using a POC troponin T measurement by ambulance paramedics is accurate in identifying low-risk patients.[@R23]

POC troponin T {#s3-3}
--------------

The POC troponin T measured with the Roche cobas h232 yields very good analytical concordance with high sensitive troponin T.[@R32] This POC test can be used as a bedside test with a fast turn-around time (\<15 min) and was also used by the FAMOUS triage study group. The POC troponin T test has already shown to have a high predictive value for mortality in high-risk patients.[@R33]

General practitioner {#s3-4}
--------------------

In the Netherlands, the GP is a gatekeeper to hospital and specialist care. GPs offer out-of-hour services by GP co-operatives across the whole country.[@R34] Therefore, implementation of a rule-out strategy for NSTE-ACS in the ambulance is possible, without leaving the patients to fend for themselves when they are not transferred to the ED.

Conclusion {#s4}
==========

The ARTICA trial is the first randomised trial on cost-effectiveness of an early rule-out strategy for low-risk patients suspected of an ACS, using a POC troponin measurement outside the hospital setting. The results of this study are expected to have a major impact on the healthcare organisation of patients with chest pain.
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